This study was designed to assess the repeatability of the Loran Platform and evaluate the variability of plantar pressure and postural balance, during barefoot standing in nondiabetic subjects, for future diabetic foot clinical evaluation. Measurements were taken for eight nondiabetic subjects (4 females, 4 males, aged 47±7.2 years) who had no musculoskeletal symptoms. Five variables were measured with the platform in the barefoot standing position. Ten measurements were taken using two different techniques for feet and posture positioning, during three sessions, once a week. For most measurements, no significant effect over time was found with Student's t-test (P < .000125). The ANOVA test of statistical significance confirmed that measurement differences between subjects showed higher variations than measurements taken from the same subject (P < .001). The measurements taken by the Loran Platform system were found to be repeatable.
Introduction
Diabetes mellitus, or simply diabetes, is a chronic disease recognized as a growing global public health problem. It is one of the main causes of premature mortality worldwide, and it has been predicted that the number of diabetic patients will increase from an estimated 135 million in 1995 to 300 million in 2025 [1] . A substantial increase in the prevalence of type 2 diabetes has been identified, which has been related to lifestyle and diet issues, combined with longer survival, obesity, low physical activity, and other factors; also, a significant proportion of people with type 2 diabetes remain undiagnosed. This group of subjects is at high risk of developing complications, including nephropathy, retinopathy, and neuropathy, the latter can cause foot ulcerations and, in patients with abnormally high plantar pressures, foot amputations. Biomechanical factors are important because feet are always subject to dynamic loads [1, 2] .
Several studies have identified aspects of plantar pressure and characteristics during gait and standing, in barefoot and in-shoe patterns [3, 4] . At least one study has analyzed gender comparisons to detect or prevent foot pathologies [5] . It has been demonstrated that during prolonged periods of immobility, individuals alter their postural positions to diminish musculoskeletal discomfort due to mechanical loads, especially over joint tissues [6] .
Pressure systems are commonly used to record and analyze subject data, but no standardization exists regarding a system to measure gait and standing foot parameters; in-shoe and platform are the two systems commonly used [7] . In order to improve results, several studies have been carried out in which the foot has been divided into several regions based (a) (b) (c) Figure 1 : Physical examination of a subject prior to the study.
on distinct anatomical areas: midfoot, forefoot, and hallux [8] . Previous studies have used a variety of systems and techniques to analyze foot pressures and assess repeatability of the system used in these studies. The Emed1 system is one of the most common devices for barefoot pressure measurement. Variability measurements are considered to be useful for future applications. Despite the use of modern and pioneering technologies to record pressure, the repeatability of plantar pressure and postural balance measurements must be evaluated quantitatively, in order to develop future clinical studies for application in clinical settings, which would improve clinical diagnostic evaluations.
The pilot study reported in this paper seeks to evaluate a new plantar pressure measurement system for early stage diagnoses of the diabetic foot. The hypotheses used in this study were as follows.
(H1) The repeatability of the Loran Platform during three sessions, once a week, on the same subject, did not report any significant variability.
(H2) Plantar pressure and postural balance measurement variability between subjects is significantly greater than intrasubject variability.
In Section 2, the materials and experimental methodology used in this study are described. Data and statistical analyses are then documented in Section 3, including the use of Student's t-test and also ANOVA analyses. Sections 4 and 5 contain a discussion of the results and conclusions from the study, respectively.
Materials and Methodology
In order to assess the repeatability of the Loran Platform and evaluate plantar pressure and postural balance variability in the barefoot standing position in nondiabetic subjects, eight volunteers (4 females and 4 males, aged 47 ± 7.2 years) were recruited for this pilot study ( Figure 1 ). All subjects signed an informed consent form and were free of musculoskeletal symptoms at the time of testing. Approval was obtained by the local Medical Research Ethics Committee.
Three test sessions were conducted with each subject, 7 to 10 days apart, at approximately the same time of day. Subjects conformed to the following criteria: (a) mainly in the age range 30-60 years, (b) ranked with a normal body mass index, and (c) non-diabetic; in addition, subjects were excluded if they had experienced osteomuscular symptoms, injuries, obesity, peripheral neuropathy, vasculopathy, or other systemic pathological conditions which could affect measurements, such as diabetes, multiple sclerosis, or intervertebral disc disorders.
A pressure distribution platform (Loran Engineering SrL, Italy) with 2304 resistive sensors and a sampling frequency of 30 Hz was used to collect point of maximum load pressure (PML), percentage of load for each foot (lateral load distribution-LLD), body barycenter (BB), foot barycenters (B), and percentage of anterior load (ALD) and posterior load (PLD) measurement patterns during barefoot standing, using the Footchecker 4.0 Software to measure these variables. The platform was mounted in the center of an engineering lab with constant access to the complete experimental setup: a computer, a standing lamp, and the guides (Figure 2 ). At the beginning of every session, a calibration procedure was performed by recording reference points using the 3D guide.
Two different techniques were used for feet and posture positioning during the test sessions. Ten measurements were taken using each technique ( Figure 3 ). The first method consisted of a 3D wooden frame placed on the platform to control foot and body position, following the anatomical position. The second method consisted of a 2D guide drawn on the platform, following the same geometry of the 3D guide ( Figure 3) .
Thirty measurements were obtained from each subject over the course of three sessions. Mean and standard deviation of 10 measurements per session were calculated, and Student's t-test was used to assess the statistical repeatability of measurements between the three sessions, so as to evaluate effects produced by time. The ANOVA test was used to Journal of Electrical and Computer Engineering investigate the variability of plantar pressure and postural balance in all male and female subjects with the 3D guide and the 2D guide techniques, during the three sessions in order to evaluate the repeatability of the system with the two techniques. 120 measurements were recorded for each group with each technique. Selection criteria of the P value (P > .000125) are as follows.
(1) Three simultaneous comparisons were carried out.
Each comparison had a P-value of 5%. During analysis, it was necessary to adjust the P-value for the number of comparisons.
(2) The adjustment made was
where c is the number of comparisons.
As a result of the adjustment,
All subjects were given time to become acquainted with the process of adequately positioning their feet on the platform. Prior to pressure measurements, a medical doctor examined the subjects, focusing on their feet. Subjects, were asked to be barefoot, have no objects in their pockets and wear comfortable clothes in order to prevent inaccurate measurements.
Three sessions took place at the same time and place for each subject and were held once a week. Each session consisted of ten measurements using the 3D guide, which were taken at the start of the session. Subjects received instructions on how to stand on the platform and proceeded with their first attempt, controlling the position of the feet with the 3D guide.
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A standing lamp was lit behind subjects to draw their silhouettes in front of them in order to control body position for the ten measurements. Afterwards, 10 measurements were taken with the platform using the 3D guide. Subjects had to walk up and down the platform for each measurement. During these ten measurements, a research assistant observed and guided subjects regarding body and feet positions. Once the ten measurements were completed, the 3D guide was removed and the same procedure was then followed with the 2D guide, which was drawn on the platform. A total of twenty measurements were taken each time with each subject, and subjects had to come to the lab three times during three weeks to complete sixty measurements in total: thirty using the 3D guide and thirty without it (Figure 4 ).
Student's t-test was used to assess the statistical repeatability of measurements between the 60 measurements for each subject (30 using the 3D guide, 30 using the 2D guide, 10 measurements per session during 3 sessions); ANOVA was used to study the variability of the point of maximum load pressure, the percentage of load for each foot, the body barycenter, the foot barycenter, and the percentage of anterior load and posterior load, among all subjects during the three sessions (480 measurements).
Results
Results are reported in this section for Student's t-test by gender and the ANOVA statistical analysis. These were performed to determine if measurements of the point of maximum load pressure (PMLx and PMLy), the percentage of loads for each foot (LLD), the body barycenter (BBx and BBy), the foot barycenters (Bx and By), and the percentage of anteroposterior loads (ALD-PLD) during barefoot standing, registered by the Loran Platform, are repeatable, using the two techniques. The tables reporting the statistical analysis of Student's t-test correspond to subjects with greater and lesser variability in the measurements of plantar pressure and balance control due to time. The ANOVA analysis was performed with the variables that produced satisfactory Student's t-test results for all subjects, that is, variables with no significant effect over time and with P > .000125. The four male and four female subjects were designated as M1, M2, M3, and M4, and F1, F2, F3, and F4, respectively.
Student's t-Test 1st Technique 3D Wooden Frame-Male Subjects.
(M1 and M2) Time was not a significant variable since, in the 3 sessions, 9 registered variables reported a P > .000125 for both feet.
(M3) The variable LLD reported P < .000125 in the right foot (comparing the data obtained during the 1st measurement session with the data obtained during the 2nd session and between the 2nd and 3rd sessions). For other variables, time is not a significant variable, and P > .000125 for both feet.
(M4) Time impacted LLD, ALD, PLD, By, PMLy, and BBy variables in both feet (P < .000125). In Bx, PMLx, and BBx, time did not affect either foot (P > .000125). In Table 1 , the values obtained are shown for each variable for subjects M1 and M4.
1st Technique: 3D Wooden Frame-Female Subjects.
(F1) Time was not a significant variable; 97.92% of the P values for the 9 variables registered in the 3 sessions reported P > .000125 for both feet. Only the right foot LLD showed P < .000125, indicating variability in the measurements taken from week to week.
(F2) P < .000125 was obtained for BBy and for LLD and ALD in the right foot.
(F3) P > .000125 for the left foot was reported, while in the right foot, variations were observed in LLD, ALD, PLD, Bx, and By (P < .000125).
(F4) Variations were observed in both feet: variations in LLD, By, BBx, and BBy in the right foot and variations in ALD, LLD, BBx, and BBy in the left foot, in both cases with P < .000125. Values obtained for each of the variables for patients F1 and F4 are shown in Table 2 .
2nd Technique: 2D Frame-Male Subjects.
(M1 and M2) Time was not a significant variable since the 9 variables registered in the 3 sessions reported P > .000125 in both feet.
(M3) Time impacted LLD and BBx in both feet and, also, impacted ALD and Bx (P < .000125) in the right foot; other variables with P > .000125 did not show significant differences.
(M4) Time had no impact on Bx, PMLx, and BBx in either foot (P > .000125); LLD and PLD in the left foot and ALD and PMLy in the right foot reported P > .000125. P < .000125, indicating variation in the measurements, was reported for other variables. Table 3 shows values obtained for each variable for M1 and M4 using the 2D frame technique for the measurements.
2nd Technique: 2D Frame-Female Subjects.
(F1) 91.67% of the P-values registered for the 9 variables in the 3 serial weekly sessions reported P > .000125. In By, LLD, and PLD in the right foot and in LLD in the left foot, incidence over time was registered (P < .000125).
(F2) In 81.25% of the 9 variables registered in the 3 sessions, P > .000125 was reported; for LLD and BBx in both feet, for ALD in the left foot, and for PLD in the right foot, a variation in measurements was reported (P < .000125). (F4) In 77.08%, P > .000125 was reported; for LLD, PLD, BBx, and BBy in both feet and for By in the right foot, measurement variations were reported (P < .000125). Table 4 shows the values obtained for each variable using the 2D guide for cases F1 and F4.
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ANOVA Analysis.
To determine variation among subjects, an ANOVA analysis was performed on variables for which Student's t-test was satisfactory for all subjects (P > .000125), taking into account the data obtained in the three sessions for both feet.
1st Technique: 3D Wooden Frame.
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Female subjects: in the case of female subjects, more variables also show repeatability between sessions, one of them (PMLy) with P = .0822 (Table 6 (b)).
Figures 5 and 6 contain a comparative chart of load distribution patterns for each foot during the three measurement sessions with the group of subjects, differentiating by gender. In Figure 5 , the percentage of load distribution with the 3D guide shows lower variability between right and left feet among subjects during the 3 sessions compared with the trend shown in Figure 6 , which shows results obtained using the 2D guide. H2 is supported with the ANOVA tables (Tables 5 and 6 ). Figure 7 shows the image obtained from the Loran Platform, dividing the foot in segments of greater interest in order to establish the behavioral patterns of the body barycenter, the barycenter of the feet, and the points of maximum pressure of the subjects participating in the study. This image was color modified to highlight the respective distribution patterns (Figures 8, 9, and 10) .
A similar behavior is seen between genders with the 3D guide, as observed with the 2D guide in the case of the location of the maximum point of pressure in the heel (Figure 8 ). The body barycenter graphs ( Figure 9) show that, in all subjects and with both guides, 100% of the measurements are located to the left of the guide center. This behavior is also evidenced in the percentage of load distribution per foot (Tables 1 and 2) , which shows greater load on the left foot. A higher dispersion is also shown when the 2D guide is used.
In the case of barycenter per foot (Figure 10 ), less dispersion of the data is observed when the 3D guide is used. Table 7 summarizes the results obtained from the plantar pressure means for each case. The differences shown by the variables are not significant when data between guides and data for both genders are compared.
Discussion
Following the statistical analysis with Student's t-test, we noticed that the 3D wooden frame technique used for taking measurements with the Loran Platform for most of the male subjects, in various sessions during the three weeks of the study, was not a significant variable for pressure distribution and balance control. Only in the case of subject M4 were significant differences reported over the time for six variables with P < .000125. These results allow us to conclude that this technique favors registration of repeatable measurements, because it guarantees the same anatomical position of the feet during the measurements, although significant differences were reported in some variables in female cases, specifically with the LLD variable. Some variations were also observed between the left foot and right foot measurements, which were reported in Section 3.
After statistical analysis with Student's t-test, and with the 2D frame technique used to take measurements with the Loran Platform for subjects M1 and M2, we observed that time was not a significant variable for pressure distribution and balance control; however, subject M3 reported significant differences over time in four variables, and subject M4 reported significant differences over time in six variables. Female subjects reported significant differences in more variables, specifically variables LLD and PLD. These results lead us to believe that the 2D technique induces higher variability than the 3D technique when repeatable measurements are of concern, since the 2D technique does not guarantee the same position of the feet in the measurement sessions.
The ANOVA statistical analysis with the 3D wooden frame technique indicates that variables Bx, PMLx and BBx for male subjects and variables PMLx, and PMLy for female subjects presented higher variability in measurements among subjects, compared to measurements taken from the same subjects in the three sessions, because they reported P < .001. This means that the 3D technique makes it possible to obtain repeatable measurements when recording the variables evaluated in this study. The 2D frame technique indicates that variables PLD, By, PMLx, and BBy for male subjects and variables Bx and PMLx for female subjects showed higher variability in measurements among subjects compared with measurements taken from the same subjects in the three sessions, since they reported P < .001.
The above results indicate that the use of the 3D wooden frame technique used to register plantar pressure and balance control with the Loran Platform produced less variation among same subject measurements over the course of the measurement sessions and higher variability between measurements in other subjects. Better results for the acquisition of repeatable measurements are observed with the 3D technique compared with the 2D technique.
The load distribution pattern (LLD) through the three measurement sessions for male and female subjects (Figure 1) , with 3D wooden frame guide in each foot, did not show significant variability; an almost linear tendency is observed in both cases. On the other hand, the 2D frame technique showed higher variability in load distribution ( Figure 2 ). This less variable pattern with the 3D guide may be used as a foundation to validate the hypothesis used in this study, whereby controlling the position of the feet when measuring plantar pressure makes it possible to acquiring more repeatable measurements. Comparing measurements taken from both feet, there were differences between left foot and right foot in all subjects. It is possible that other factors such as age, weight, height, and posture may impact the distribution of loads on each foot in the subjects evaluated. In Figure 8 , certain differences exist due to a smaller dispersion in the points of maximum pressure in the metatarsals. These are areas of interest for future studies with diabetic foot patients, because those areas are subject to a higher risk of ulceration, in turn associated with postural balance control in the bipedal position.
Figures 9 and 10 of the body barycenter (BB) and of the foot barycenter (B), respectively, indicate the pattern similarity with the two guide types. Greater differences exist when comparing the behavior of the left foot barycenter and the right foot barycenter, normal behavior, given the right side dominance of all subjects participating in the study, with a higher percentage of load distribution on the left foot. Regarding gender comparison, Figure 5 shows a better concentration in women, near the heel, while in men, the barycenter is dispersed along the half line of the foot.
Conclusions
This pilot study establishes that the Loran Platform makes it possible to obtain repeatable measurements for the following variables: percentage of load for each foot (LLD), body barycenter (BBx and BBy), foot barycenters (Bx and By), and point of maximum pressure, for the evaluation of the plantar pressure distribution and balance control in normal subjects.
The 3D wooden frame technique favors registration of repeatable measurements because it guarantees the same anatomical position of the feet when measurements are recorded. Student's t-test results indicate that the time variable does not significantly affect repeatability of the measurements; the ANOVA statistical analysis reports less variation between the measurements of the same subject over the course of the measurement sessions and greater variability among the measurements of other subjects. The 3D technique produces better results for acquisition of repeatable measurements than the 2D technique.
Men and women differ anatomically and physiologically. Anthropometric studies have shown considerable differences in the feet bones of both genders [9] . These differences may potentially mean male versus female differences in plantar distribution, such as the differences found in this study. Besides, there are studies reporting the influence of age on the dynamic variation of the center of gravity displacement-COP-in the bipedal position [10] .
Studies of plantar pressure using an in-shoe system and a pressure platform [11] have reported that differences in the results of plantar pressure distribution among various groups may also be attributed to measurement conditions and effects produced by the measurement system used. We consider this study to be relevant because the technique can be used to record pressure with the Loran Engineering EPS platform in normal subjects. However, new experiments with diabetic patients must be performed to ensure the reliability of this platform in reproducing repeatable measurements, for possible application in a clinical environment.
In selecting the target population for this study, it was fundamental to include previous osteomuscular type evaluation, with special emphasis on the spine, when subjects were over 40 years old; it has been reported [12] that plantar pressure distribution may be affected by balance problems associated with age and spinal problems usually accompanied by lumbar discomfort caused by maintaining the bipedal position over prolonged periods of time.
Previous investigations [13] have demonstrated that there is an important decrease of "standing balance" in neuropathic patients with the diabetic foot. This means that balance control is a fundamental biomechanical parameter for the diagnosis of the diabetic foot. For this reason, we consider it imperative to replicate this study in the future using neuropathic diabetic patients in various stages of complications of the feet. This study must be repeated with a much larger sample to ensure statistical validation, using groups of normal subjects and diabetic foot patients in the first stages of the pathology, in both static and dynamic conditions. This will greatly assist optimization in the design of orthopedic insoles which normalize plantar distribution in areas subject to higher risk of ulceration (metatarsal heads, fingers, and heel).
Finally, we recommend optimizing measurement protocols and designing techniques for postural control of study subjects, for the evaluation of plantar distribution and stability.
